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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a superjunction semiconductor device. 
SOLUTION: Multiple trenches arranged in symmetry and 
separated from each other intrude as deep as 5-40 
microns in an N- silicon epitaxial layer on an N+ body. 
These wells comprise a circular cross-section plane, 
with its diameter being about 9 microns. Boron ions are 
implanted into a trench wall by an ion implantation beam 
tilted slightly with respect to the trench axis. A wafer is 
intermittently or continuously rotated with an axis which 
is not 90° with respect to its surface, as the center. 
Thus, the implantation beam becomes oblique, and 
makes the boron ion distribution at the inside surface of 
the trench more uniform. 
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1 . Ti tic of the Invention 

ANGEL IMPLANT PROCESS FOR CELLULAR DEEP TRENCH SIDEWALL 
DOPING 

2. Claims 

1. The process of manufacture of a superjunction device 
comprising the steps of forming spaced parallel trenches into a silicon wafer of one 
conductivity type; each of said rrenches being perpendicular to the top surface of 
said silicon wafer; each of said trenches having approximately the same depth and 
cross- section; directing an implant beam of a species which defines a second 
conductivity type toward the surface of said silicon wafer and at an angle to the axes 
of each of said trenches; said angle being sufficiently small that the full length of the 
interior surface of each of said cells receives implanted ions from said implant 
source; and rotating said wafer to expose the full surface area of the interior of each 
of said trenches to the implant beam. 

2. The process of claim I, wherein said trenches are 
symmetrically disposed over the surface of said wafer. 

3. The process of claim L wherein said ion implant angle is 
between 1 degrees and 20 degrees. 

4. The device of claim 1, wherein said one conductivity type is 

the N type. 

5. The process of claim 2, wherein said ion implant angle is 
between 1 degrees and 20 degrees. 

6. The device of claim 3, wherein said trenches have a depth of 
greater than about 25 microns and a width which is less than about 9 microns. 
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7. The device of claim 2, wherein said trenches have a depth of 
greater than about 25 microns and a width which is less than about 9 microns. 

8. The device of claim 3, wheiein said trenches have a depth of 
greater than about 25 microns and a width which is less than about 9 microns. 

9. The device of claim 5, wherein said trenches have a depth of 
greater than about 25 microns and a width which is less than about 9 microns. 

3. Detailed Description of the Invention 
FIELD OF THE INVENTION 

This invention relates to superjunction semiconductor 
devices and more specifically relates to a novel process for forming a uniform 
implant and diffusion mto the side walls of spaced cell elements of a superjunction 
device. 

BACKGROUND OF THE INVENTION 

Although the so called superjunction has brought a 
new concept to power MOSFET devices, the present processes to realize the design 
concept are difficult and complex. In one known process, a relatively shallow 
epitaxial layer is formed atop an N* substrate, and spaced P diffusions which form 
portions of P columns are diffused in the layer. A series of such. N" layers are grown 
atop one another, with corresponding P diffusions stacked atop one another until the 
desired P column height is reached. A typical process could be realized by using 
multi-implants and epitaxial growths as shown in Figure 1. 
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Such a fabrication process is not only complex and 
expensive, but also degrades the electrical, characteristics because of the non-uniform 
doping profile formed by multi-irnplants and epitaxial growths. Other processes 
have been proposed in which trenches are etched in an N body and then filled in wirh 
a further layer of P material. A process of this type is shown in copending 

application Serial No. 09/732,401, filed 12/7/00 entitled HIGH VOLTAGE 
VERTICAL CONDUCTION SUPERJUNCTTON SEMICONDUCTOR DEVICE in 
the names of Daniel M. Kinze.r and Srikant Sridevan (IR-1756). These processes are 
bulky and complex, particularly when spaced cells or pylons of one concentration 
type is to be formed in a body of a different conductivity type. 

Still another process is known in which parallel 
trenches arc formed in an N" epitaxial layer and in which the walls of the trenches 
are simply diffused with a P type dopant of sufficient concentration and depth to be 
in charge balance with the surrounding N" epitaxial body. In such devices, it is 
difficult to obtain uniform P type concentration along the length of the walls of the 
trench, particularly for a deep trench. 

SUMMARY OF THE INVENTION 

In this invention, an angle implant is provided for 
directly doping the sidewalls of deep cells in a uniform and well controlled manner. 
The basic concept of the invention is that after the deep trench etching, an angle 
implant is used to dope the trench sidewalk The implant angle can be easily adjusted 
by the implant machine to assure that doping ions reach the bottom of the trench. 
The selected angle value depends on the depth and width of the trench. By further 
rotating the implant sample wafers, either intermittently or continuously, the trench 
sidewalls are uniformly doped along their full length. The cross-section of the 
trenches can have different forms, such as hexagon, stripe, circle, or rectangle and 
the like. The doping distribution, junction depth and surface concentrati on of the 
trenches are determined by implant energy, dose, species and as annealing 
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conditions. The main advantages of the invention arc as follows: (1) there is only a 
single implant and no epitaxial growth is needed for a trench: (2) the trenched 
sidewall can be easily and uniformly doped in one operation; (3), the cost, in 
comparison with the conventional trench formation, is greatly reduced; (4) ultra 
shallow junctions can be formed and controlled, which is essential for reducing 

transistor cell size; (5) the generated uniform doping profile formed by direct ion 
implantation is critical for establishment of an ideal regular rectangle shape for the 
characteristic curve of electrical field along the trench depth, which is a basic 
requirement for a superjunction device. 



DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows in a cross-section a superjunction 
structure in a silicon die in which an N" body 10 of silicon is cpitaxially grown atop 
an NT substrate 12. Deep spaced P* pylons or columns 1 1 arc formed into body 10, 
with the N* and P* regions being sized and having concentrations such that both 
deplete fully under reverse bias. 

The process used to make the device requires the 
sequential growth of layers of N" silicon and the P type diffusion into each layer to 
form a pylon of sufficient length, for example, 35 microns. This is a complex and 
costly process. 

In accordance with the invention, and as shown in 
Figures 2, 3 and 4, a plurality of spaced trenches, for example, trenches 20 to 26 are 
etched into an N~ body 27 to a depth, for example, of 30 to 50 microns and a width, 
for example, of 2 to 5 microns. Thereafter an implant is carried out at a shallow 
angle, for example, 2 ro 7° to degrees to the central vertical axis of trenches 20 to 
26, shown schematically by arrows 30 and 31 in Figure 2. Significantly, during the 
implant, the wafer 27 will be rotated continuously or in steps about an axis 
perpendicular to its surface 3nd in skew, so that the implant beam will be fully 
equally distributed over ail surfaces of the trenches. For example, a plurality of 
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separate implants can be m3dc, each along the depth of the trench and on an interior 
surface defined by a small angle in a plane perpendicular to the trench axis. The 
wafer is then rotated or stepped to new angular positions and a further implant is 
carried out at each new angle. These sequential implants may be done in 4 steps of 
90°C each or 6 steps of 60°C each, or the like. 

The implant species is a P type material, for example, 
boron. In one example, the boron implant is carried out at 30 KeV and a dose of 
3EI3 to 1E14 atoms/cm 2 , followed by an anneal at 1050°C for 40 to 90 minutes. 
The trenches are spaced by 4.5 to 9 microns and are formed in N" epitaxially grown 
silicon having a resistivity of 3 to 3.5 ohm cm. The implant will produce a P type 
surface region 32 for the cells 20 to 26 which, when activated will have a depth and 
concentration matched to that of the surrounding N~ body 27 so that the two will 
both deplete during reverse bias of the junction 32/27. 

Figure 4 shows the desirable distribution of electric 
field versus trench depth which is obtained. 

The final device may be completed as usual by the 
addition of a MOSgated control structure, and source and" drain electrodes as 
disclosed in application Serial No. 09/732,401. 

Although the present invention has been described in 
relation to particular embodiments thereof, many other variations and modifications 

and other uses will become apparent to those skilled in the art. It is preferred, 
therefore, that the present invention be limited not by the specific disclosure herein 

4. Brief Description of the Drawings 

Figure 1 is a cross-section showing one cell of a 

typical prior art superj unction device. 

Figure 2 is a cross-section, of one half of a cell of a 

superjunction device which is implanted and rotated in accordance with the 

invention. 

Figure 3 is a top view of the cell of Figure 2. 
Figure 4 is a top view of a portion of a wafer 
containing cells such as those of Figures 2 and 3. 

Figure 5 is a plot of electric field versus trench depth 

for the structure of Figure 2. 
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FIG. 1 

Trench 

Epitaxial layer 4 and fourth implant 
Epitaxial layer 3 and third implant 
Epitaxial layer 2 and second implant 
Epitaxial layer 1 and first implant 
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Angle implant 
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Trench Depth (micron) 

FIG. 5 
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1 . Abstract 

A process is described for making a superjunction semiconductor 
device, a large number of symmetrically spaced trenches penetrate the N~ epitaxial 
layer of silicon atop an body to a depth of 35 to 40 microns. The wells have a 
circular cross-section and a diameter of about 9 microns. The trench walls are 
implanted by an ion irnplant beam of boron which is at a slight angle to the axis of 
the trenches. The wafer is intermittently or continuously rotated about an axis less 
than 90° to its surface to cause skewing of the implant beam and more uniform 
distribution of boron ions over the interior surfaces of the trenches. 

2. Representative Drawing 

FIG. 1 



